574th MEETING, BATH 649 ligand because the smaller molecular forms, which would be better able to penetrate the agarose gel, are not bound, whereas the larger form does bind. The gel can also discriminate between acetylcholinesterase and cholinesterase. This is unexpected because edrophonium is a competitive inhibitor of both enzymes. This suggests that the coupling of a side chain to the meta-hydroxy group of edrophonium alters the inhibitory properties of the molecule. The nicotinic acetylcholine receptor has been isolated as a protein from fish electric organs in a number of laboratories, and also from denervated mammalian muscle (Dolly & Barnard, 1975 . When purified from muscle, the acetylcholine-recognition unit of the receptor has been shown to contain essentially a single type of subunit, a glycoprotein of 41 000mol.wt. (Shorr e t a / . , 1978 We report here on the size of the oligomeric mammalian muscle receptor both as a pure protein and in its original membrane-bound state.
The nicotinic acetylcholine receptor has been isolated as a protein from fish electric organs in a number of laboratories, and also from denervated mammalian muscle (Dolly & Barnard, 1975 . When purified from muscle, the acetylcholine-recognition unit of the receptor has been shown to contain essentially a single type of subunit, a glycoprotein of 41 000mol.wt. (Shorr e t a / . , 1978). From electroplaques, most investigators have reported two to four types of subunit in the pure protein (Claudio & Raftery, 1977 We report here on the size of the oligomeric mammalian muscle receptor both as a pure protein and in its original membrane-bound state.
Muscles, denervated 3-4 weeks, were removed as noted from cats, rabbits or rats. Labelling of the receptor, and its assay (Dolly & Barnard, 1974) , used its specific reaction with [3H]a-neurotoxin (Barnard et a/., 1971), in this case an a-neurotoxin from Naja melanoleuca venom, labelled at 5.7-1 8 Ci/mmol by catalytic halogen-exchange tritiation at a single histidine carbon (A. Menez, E. A. Barnard, J. 0. Dolly & P. Fromageot, unpublished work). Purification of the free receptor involved extraction in Triton X-100 media, affinity chromatography on an a-neurotoxin-Sepharose column, biospecific elution with carbamoylcholine and chromatography on DEAE-Sepharose, with details as noted by Dolly et a/. (1977) . Specific activity (in specific toxin-binding sites per g of protein) was (from cat or rabbit leg muscles) at this stage 3000-6000nmoI/g. A repeat cycle of the affinity chromatography on these preparations (from cat) always increased the specific activity, up to a maximum of l0500nmol/g. The active receptor was homogeneous in gel isoelectric focusing, with pl5.0. It bound nicotinic cholinergic ligands with the relatively high affinities observed (Barnard et a/., 1977) on membrane fragments from denervated muscle, and all the [3H]toxin binding was suppressed by O.lmMacetylcholine or (+)-tubocurarine. The rate constant for reaction of the receptor (at Table 1 . Sedimentation coefficients of receptor species, initially and after conversion treatments or purification
The treatments in each experiment were applied in sequence, the final solution sedimented in a 5-20% (w/v) sucrose gradient containing 0.5% Triton X-100, and the percentage of radioactivity or receptor activity under each peak measured. No other peaks were present, apart from any unreacted 3H-labelled toxin. ul with N-ethylmaleimide present t o block free thiols and as an additional inhibitor of proteinases, the receptor existed almost entirely with s20,w = 9S, from both denervated muscles (cat or rat) and innervated muscles (rat diaphragm). 13s and larger forms of active receptor appeared on heating at 37"C, 30min (Expts. e and h), but with loss of about half of the total activity. 5 mM-N-Ethylmaleimide prevented these appearing, but then a n increased amount of a 4s form, which also appears on heating, was apparent (e.g. Expt. j). This suggests that on heating some proteolysis or unfolding of the 9 s oligomers gives rise t o a smaller form that can aggregate through disulphide-bond formation. The 9 s fraction was unchanged at Triton X-100 concentrations from 0. To determine the effective molecular weight of the receptor in its native form in the membrane, the technique of radiation-inactivation analysis (Kepner & Macey, 1968 ; Houslay e f a/., 1977) was applied. Receptor-rich membrane fragments were prepared from muscle (Barnard et a/., 1977), and were freeze-dried and maintained in 02-free N2. Samples were irradiated in an electron beam (Houslay ef al., 1977) in 02-free N2 or in uacuo, with cooling, and the receptor activity of irradiated and control samples was determined after solubilizing (1 h, 4°C) in 1.5 % Triton X-100. A semilog plot of the percentage residual activity against radiation dose was linear, and from its slope the apparent target size was calculated as described by Houslay e t a / . (1977), in this case for the acetylcholine-recognition unit. For cat denervated leg muscle this was, in two experiments, 89000 and 94000.
The combined results suggest that a dimer of subunits is the minimum structure for the binding activity in the membrane, and that a larger assembly (9s) is the form existing in dilute Triton X-100 extracts.
